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Three  theor ies  h a v e  b e e n  proposed  to  exp la in  t he  m o r p h o l o g y  of  large-scale  
t opog raph i c  fea tu res  seen in  t h e  M a r t i a n  polar  l a m i n a t e d  t e r ra in .  These  fea tures ,  
wh ich  are  subc i rcu la r  in  p l an i m e t r i c  form,  a p p e a r  as d a r k  b a n d s  in wide-angle  
Mar ine r  9 f rames  of  t h e  po la r  cap. Two of  t h e  theor ies  (by Sagan  a n d  Mur ray)  
sugges t  t h a t  t he  f ea tu res  are  cons t ruc t iona l ,  b u i l t  up  t h r o u g h  d e f o r m a t i o n  of  t h i c k  
CO2 layers  or  b u i l t  t h r o u g h  localized depos i t ion  of  ice a n d  dus t .  A n o t h e r  t h e o r y  
(Cutts)  suggests  t h e  f ea tu res  are  channe l s  a n d  e s c a r p m e n t s  cu t  in to  a pre-exis t ing ,  
featureless ,  l aye red  p la t eau .  T he  cons t ruc t i ona l  theor ies  sugges t  t h a t  t h e  f ea tu res  
were  fo rmed  sequen t i a l l y  whi le  t he  erosive t h e o r y  suggests  f o r m a t i o n  was more  or 
less s imul t aneous .  A n  e x p e r i m e n t  was  pe r fo rmed  to t e s t  w h e t h e r  i t  was  possible  to  
d i scern  t h e  re la t ive  age of  t he  fea tures .  
I t  was  a s s u m e d  t h a t  i f  t h e  f ea tu res  are cons t ruc t iona l ,  c o n t i n u e d  exposure  to  
eros ional  processes  would  change  t h e i r  p l an ime t r i e  f o rm w i t h  t ime .  M u r r a y  ha s  
p o s t u l a t e d  which  fea tu res  are  o ldes t  a n d  which  are  younges t .  I t  was  found,  
however ,  t h a t  t he  supposed  oldest  f ea tu res  were s ta t i s t i ca l ly  n e i t h e r  signifi- 
c a n t l y  more  no r  less i r regu la r  t h a n  t he  supposed  y o u n g e s t  e sca rpmen t s .  
Th i s  ev idence  has  led to  t he  conclus ion t h a t  t he  fea tu res  were p r o b a b l y  c a r v e d  
nea r ly  s imu l t aneous l y  in to  a p rev ious ly  deposi ted ,  featureless ,  s t ra t i f i ed  p l a t e a u  
r a t h e r  t h a n  be ing  cons t r uc t ed  sequent ia l ly .  
2. INTRODUCTION 
The Mariner 9 mission focused'attention 
on the peculiar and unearthlike topography 
at the polar regions of Mars. The topogra- 
phy is characterized by what appear to be 
large, semi-circular, equator facing cliffs 
(or very broad asymmetric channels) with 
a roughly circumpolar configuration. These 
cliffs or channels appear to be cut into 
laminae that  are suggestive of a deposi- 
tional origin. 
Some hypotheses (i.e. Murray and Malin, 
1973; and to some extent Sagan, 1973) 
concerning the origin of the Martian polar 
topography propose that  the cliffs have 
been formed sequentially and deposition- 
ally while another theory (Cutts, 1973b) 
suggests that  the cliffs or channels have 
been carved erosively and nonsequentially. 
Although the relative merits of the various 
theories can be experimentally tested on 
several other points, this paper investigates 
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whether it is possible to use the Mariner 
9 imagery to determine if the cliffs 
or channels formed sequentially or 
simultaneously. 
I I .  TOPOGRAPHY OF THE POLAR REGIONS 
Figures 1 and 2 are photographs taken 
by  Mariner 9 of the north and south poles 
of Mars, respectively. Unfortunately, hard 
topographic data is sketchy. The way in 
which a researcher chooses to see the 
topography can greatly affect the manner 
in which he deciphers the history of the 
polar regions. 
The polar terrain, with which this paper 
is primarily concerned, occupies most of 
the area poleward from 80°N and -80°S  
and extends no further equatorward than 
-70°S  or 70°N (Cutts, 1973b). The poles 
are covered during the winter with a high 
albedo substance which recedes poleward 
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FIG. 1. The  n o r t h  pole  of  Mars  showing  d a r k  bands ,  D.A.S.  13317550 MTVS Rol l  4297 F r a m e  48. 
during the late spring and early summer 
(Soderblom et al., 1973b). Spectral and 
radiometric measurements by  Mariner 9 
indicated this substance to be composed 
largely of solid CO 2 (Murray et al., 1972). 
During the summer the terrain displays 
alternating dark and light bands of fairly 
uniform width (Murray et al., 1972). When 
the dark bands areviewedin high-resolution 
photography, they appear to be composed 
of from twenty to thir ty apparently hori- 
zontal layers (Murray, 1973) from 50 to 
100m thick (Murray et al., 1972). Whether 
these dark bands represent channels or 
scarps cut into a laminated substance has 
been a source of disagreement in the 
various interpretations of the polar terrain. 
I t  is agreed, however, that  the darkness 
probably results from melting of the high 
albedo substance on the 10-20 ° equator- 
ward-facing slopes (Cutts, 1973b). Due to 
their equatorward slope, the dark bands 
receive more insolation than the neigh- 
boring flat-lying light bands. I t  should be 
emphasized again that  there is little 
evidence to support this (though it does 
seem reasonable). 
The individual laminae making up the 
dark bands have been discussed exten- 
sively elsewhere (Cutts, 1973b). I t  has 
been hypothesized that  they contain 
silicate dust or water ice or solid CO 2 or a 
combination of these (Murray, 1973). The 
uniformity of thickness, number, and 
lateral continuity of the laminae has led 
some to interpret them as reflecting 
periodic dusty and dust-free epochs in the 
Martian past (Hammond, 1973). The dark 
slopes appear to have smooth convex-up 
slopes suggestive of ablation (Murray and 
Malin, 1973). At high resolution, the 
individual laminae in each dark band 
(particularly on the south pole) appear to 
have been etched into a "staircase-like" 
appearance suggestive of erosion (Cutts, 
1973b). 
During the Mariner 9 mission, the area 
referred to as the "fork" on the south pole 
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FIC. 2. The  s o u t h  pole  of  Mars  showing  d a r k  bands ,  D.A.S.  7000738 MTVS Rol l  4181 F r a m e  5. 
was monitored at high resolution. I t  was 
seen that  though the dark bands increased 
in width during the late spring, the pole- 
ward side of the band, according to 
Murray : 
" . . .  r e m a i n e d  r e m a r k a b l y  s t ab le  even  
t h o u g h  o t h e r  n e a r b y  c o n c o r d a n t  d a r k  
f ea tu re s  emerged  a n d  grew in  size a n d  
n u m b e r  as t h e  s u b l i m a t i o n  process  con- 
t i n u e d "  (Murray  et al. ,  1972). 
In the following discussion, the pole- 
ward side of a dark band will be referred 
to as a "plate edge". I t  is assumed to be 
the upper edge of a scarp line. 
III .  CURREI~T HYPOTHESES OF THE 
EVOLUTION OF THE POLAR TOPOGRAPHY 
There are three current hypotheses that  
a t tempt  to explain the nature and history 
of the dark- and light-banded laminar 
terrain on the Martian poles. 
Carl Sagan (1973) has postulated that  
the laminated terrain is primarily com- 
posed of CO frost. He speculates that  
CO 2 with its triple point temperature of 
217°K and pressure of 5.1 bars cannot 
exist on Mars in thicknesses in excess of a 
few kilometers. When this depth is ex- 
ceeded, the C02 at the bot tom liquefies 
and is squeezed outward where it refreezes 
(Sagan, 1973). Sagan's theory does not 
a t tempt to explain why this phenomenon 
should have generated the distinct laminae 
or why these laminae should be aggregated 
into distinct larger layers (the dark bands). 
I t  also does not a t tempt to explain why 
the polar deposits, particularly on the 
north pole, deviate substantially from 
circularity in plan view. 
Bruce Murray interprets the topography 
of the laminated polar terrain as : 
" . . .  a series of  s t a ck ed  s l ight ly  concave  
p la tes  . . . .  whose  edges h a v e  b e e n  s m o o t h e d  
a n d  modif ied.  I n d i v i d u a l  p la t e s  p e r h a p s  
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consist of 20-40 individual laminae with an 
aggregate thickness on the order of a 
kilometer" (Murray et al., 1972). 
I t  is proposed t ha t  the  large plates 
(whose edges make up the  dark  bands) and 
the  smaller laminae of  which they  are 
composed represent  cyclical changes (of 
different periods) in the  amoun t  of  solar 
insolation (differences being on the  order  
of  10-50%) due to changes in the  obl iqui ty  
of  the ecliptic, eccentr ic i ty  of  the  orbit ,  and 
the  precession of  the  equinox. The mech- 
anics of  these changes are described 
elsewhere (Murray et al. ,  1973). 
All of  the  above  mechanisms combine to 
cause cyclic changes in insolation with a 
51 000 and a 2 000 000-yr period (Cuffs, 
1973b). I t  is suggested tha t  the  laminae 
reflect the  51 000-yr cycle, and the larger 
plates reflect the  2 000 000-yr cycle. This 
would make  the  laminated  terra in  a 
re la t ively  recent  feature,  a fact  which 
Mu~Tay thinks is suppor ted  by  the  lack of  
cratering on the  laminated  terra in  (Murray 
et al. ,  1972). Murray  explains the  non- 
concentric na tu re  of  the  plate  edges by  
polar  wandering:  
" . . .  the rotational axis of the planet has 
been displaced over the past ten millions of 
years as a result of convective currents deep 
in the mantle, currents that are probably 
associated with the production of volcanoes 
in the equatorial areas. As the spin axis has 
shifted, the laminated plates have formed 
concentrically around each successive posi- 
tion of the poles" (Murray, 1973). 
Figures 3 and 4 are f rom a Murray  article 
(Murray and Malin, 1973). Th ey  show the  
pa th  Murray believed the  wander ing pole 
followed. Mur ray  adds : 
"As outlined for the Earth by Goldreich and 
Toomre . . . .  the pole may be driven sequen- 
tially to different quasistationary positions 
in response to evolving density differences 
rather than exhibiting a 'spinning top' 
oscillatory motion" (Murray and Malin, 
1973). 
Several  objections have  been raised to  
the Murray  hypothesis.  Cutts  says t h a t  
the  two-mill ion year  period Murray  postu- 
lates for the  format ion  of  the  plates is no t  
long enough (according to  his calculations 
of  the  current  ra te  of  deposit ion a t  the  
poles) (Cutts, 1973b). Cutts  also suggests 
t ha t  the dark  bands could as easily repre- 
sent channels cut  into the  laminar  te r ra in  
as being the  edges of plates (Cutts, 1973b). 
I t  is pointed out  t h a t  according to Murray  
the  individual  plates should be roughly  
circular, bu t  in fact  m a n y  of the  dark  
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Figure 3. Figure 4. 
Postulated paths taken by the wandering Martian pole interpreted from the position of the "plate 
edges" (Murray and Malin, 1973). Fig. 3. North polar stereographic projection. Fig. 4. South polar 
stereographic projection. 
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bands are not (Cutts, 1973a). I t  is also 
evident from Figs. 3 and 4 that  the paths 
for polar wandering on the north and 
south poles are not symmetrical. Cutts 
also disputes the observations of the 
planimetric form and topography reported 
by  Murray and Malin (Cutts, 1973b) and 
concludes that  the polar wandering theory 
is so geometrically confining that  it could 
not possibly account for the great variety 
of topographic forms occurring in the 
laminated terrain. 
A third hypothesis for the origin of the 
polar laminated terrain is presented by 
Cutts. Cutts postulates that  the polar 
laminae originally accumulated in a vast, 
featureless, circumpolar plateau (Cutts, 
1973b). The dark bands, rather than 
representing the edges of constructional 
plates, are thought by  Cutts to be the 
sloping and terraced walls of erosional 
scarps and troughs. He interprets several 
of the small-scale features of the laminated 
terrain, such as pits and flutes, as wind 
forms. He speculates that  the larger-scale 
pseudo-circular features were formed by 
air masses descending at the poles which 
then spiralled out from the poles due to 
the Coriolis effect (there is other evidence, 
such as the orientation of plumes of dust 
which have accumulated on the leeside of 
topographic obstructions, that  suggest 
the present-day winds spiral outward 
from the pole) (Sagan et al., 1972). 
Cutts does not explain why the radial 
spiralling of the troughs is so much more 
marked at the north pole than at the south, 
nor does he explain why the winds should 
be confined to distinct channels. 
Objections can be raised to all the cur- 
rent hypotheses that  a t tempt  to explain 
the Martian polar laminated terrain. 
IV. RELATIVE AGE DATING OF THE 
POLAR ESCARPMENTS 
I f  the Murrary hypothesis of polar 
wandering is accepted, the polar plates 
should be progressively younger in age in 
the direction indicated by  the arrows in 
Figs. 3 and 4. Each plate should have 
taken roughly the same amount of time to 
form, and each should be separated by  
about  the same time period (Murray and 
Malin, 1973). In order to test this hy- 
pothesis, relative-age dating of the exposed 
portions of the plates is needed. 
The most obvious and straight-forward 
method of relative-age dating would be 
through a statistical analysis of cratering. 
The crater density on a surface is positively 
correlated with the duration of exposure 
of the surface. The assumptions are: 
(a) that  the influx of meteorites has been 
of relatively uniform intensity and distri- 
bution; (b) that  the geomorphic processes 
that  are degrading the craters have also 
been of uniform intensity and distribution ; 
and (c) that  all areas are equally craterable. 
Unfortunately, due either to the youth, 
or the extreme susceptibility to erosion, or 
the unsusceptibility to cratering, there are 
few impact craters on either polar region. 
Craters are much too sparse to allow any 
statistically significant relative-age 
differentiation. 
The abundance of what have been 
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FIG. 5. N o r t h  pole o f  Mars  (with no cor rec t ion  
for c a m e r a  til t) .  The  d a r k  b a n d  conf igura t ion  as  
seen  f r o m  D.A.S.  13317550 MTV S Rol l  4297 
F r a m e  48. 
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interpreted as eolian deflation pits presents 
the possibility of another way to measure 
the relative age of the dark-band slopes. 
If  it is assumed the winds have been of 
uniform intensity geographically and that 
the polar surface is equMly susceptible to 
erosion, there should be a positive correla- 
tion between both the density and mean 
diameter of the deflation pits and the 
duration of exposure of the surface. Un- 
fortunately, the response to erosion of the 
laminated terrain is areally variable so 
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F r o .  8. South pole o f  M a r s  ( c o ~ e c t e d  f o r  
c a m e r a  t i l t ) .  The  points used to approximate  the 
conf igura t ion  of  t h e  d a r k  b a n d s  a s  s e e n  f rom 
D.A.S. 7000739 MTVS Rol l  4181 F r a m e  5. 
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deflation pits cannot be used in the same 
way as are impact craters as an index of 
age. 
A widespread, easily recognizable, and 
measurable phenomenon was sought that  
would become either more or less abundant 
with exposure to Martian geomorphic 
agents. The plate edges present such a 
phenomena. 
I t  is readily apparent from Figs. 1 and 2 
that  the dark bands have an irregular 
configuration in plan view. In view of the 
fact that  the high-resolution photography 
shows abundant evidence for at least 
eolian erosion, it seems highly unlikely 
tha t  the plate edges have maintained their 
initial configuration without significant 
alteration. 
I t  is impossible to tell whether the 
present irregular configuration is the result 
of erosive processes which attacked ini- 
tially smooth circumpolar plate edges, 
increasing their irregularity, or whether it  
is the result of erosive processes "smooth- 
ing out" a formerly even more irregular 
configuration. 
I f  the plate edges were originally smooth 
and circular in configuration, they have 
since become more irregular with exposure 
to erosion. This could occur if the plates 
are not uniformly resistant to erosion. The 
less resistant material would be selectively 
removed, increasing the plates irregular 
with time. If, on the other hand, the plate 
edges were originally more irregular than 
they are presently, they must have been 
smoothed out with exposure to erosion. 
This could occur if the erosive agents act 
primarily on the plate edges, as would be 
the case for solar ablation and if the plates 
were of uniform composition. The plate 
edge should become less irregular with 
continued exposure in the same way that  
coastal headlands of uniform composition 
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TABLE I I  
SOUTH POLE 
Average distance 
Total number of between two 
Feature points comprising adjacent points 
number the feature (kin) 
Average angle °/kin 
between two Feature 
adjacent line roughness 
segments estimator 
1 38 3.271 .227 30.046 
2 210 3.330 .201 34.935 
3 151 3.416 .084 44.865 
4 14 2.825 1.070 26.929 
5 23 3.143 .379 23.950 
6 76 3.214 .116 27.895 
7 18 3.186 .592 41.746 
8 23 3.152 .290 50.284 
9 20 2.941 .176 15.541 
10 43 3.485 .145 13.126 
11 14 3.611 .006 2.082 
12 101 3.275 .171 34.893 
13 76 3.327 .047 16.828 
14 32 3.510 .150 13.452 
15 91 3.336 .223 27.891 
16 66 3.240 .447 27.529 
b e c o m e  i n c r e a s i n g l y  less i r r egu la r  w i t h  
c o n t i n u e d  exposu re  to  s t rong  w a v e  ac t ion .  
I f  t h e  po la r  t e r r a i n  is t he  r e su l t  of  t h e  
s e q u e n t i a l  depos i t i on  of  p la tes ,  t he r e  
shou ld  be  a n  o b s e r v a b l e  difference in  con- 
f i gu ra t ion  b e t w e e n  p la tes  of  d i f fe ren t  ages. 
Th e r e  shou ld  be  a n  o b s e r v a b l e  t r e n d  for  
t h e  p l a t e  edges to  b e c o m e  e i the r  s m o o t h e r  
or more  i r r egu la r  w i t h  t ime .  A n  e x p e r i m e n t  
was  p e r f o r m e d  to  t e s t  i f  i t  was  poss ib le  
to  cor re la te  c on f i gu r a t i ona l  i r r e g u l a r i t y  
w i t h  t h e  supposed  age of  t he  p la te .  
SCRLE (KM. l 
FIG. 9. North pole of Mars (corrected for camera tilt). Dark band features configuration (numbers 
correspond to the feature numbers alluded to in Table 1), 
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FIG. 10. South  pole of  Mars (corrected for 
camera  tilt). Dark  band  configuration (numbers 
correspond to the  fea ture  numbers  a l luded to in 
Table  2). 
V.  EXPERIMENTAL PROCEDURE 
A completely satisfactory measure of 
irregularity in plan view was not found that  
could be applied to the plate edge. The 
more orthodox methods such as spatial 
correlation and correlation distance were 
unsatisfactory, because they would have 
necessitated the definition of the center of 
the circular plate. This would have been 
very difficult. I t  may even be questioned 
whether the plates are, or were, really 
circular at all. I t  was decided tha t  the best 
method would be to approximate the con- 
figuration of each plate edge with a series 
of line segments of the smallest convenient 
length. Next, for any one plate edge, all 
the external angles between two adjacent 
line segments would be measured. A 
modified variance measure would be made 
of the external angle per kilometer for one 
plate edge. I f  the plate edge was discon- 
tinuous, the variance would be found for 
each of the discontinuous segments and 
the weighted mean would be calculated. 
The formula of variance that  was used is: 
$2 -- ~ (ai -- a) 2 
n 
where there are n + 1 segments in the edge, 
a i is the external angle between the i th 
and the i th + 1 line segments, and 5 is the 
mean external angle between adjacent line 
segments for tha t  edge. 
The plate edges were traced from a 
32-cm wide enlargement of D.A.S. 
13317550 (north pole) and D.A.S. 7000738 
(south pole) with MTVS processing (Roll 
4297 Frame 48 and Roll 4181 Frame 5). 
As only the clearly definable plate edges 
were used, there are not as many plate 
edges in Figs. 5 and 6 as there are in 
Murray's Figs. 3 and 4. For the north pole, 
the edges were approximated with points 
about 1.5 mm apart. The x and y co- 
ordinate for each point was read to the 
nearest tenth of a millimeter for all the  
points comprising the feature. The south 
pole was approximated with points 1 mm 
apart. The x and y coordinates were 
measured with the programmable Hewlett  
Packard 9820 computer equipped with a 
digitizer. The x and y coordinates were 
next  fed into a computer and plotted with 
a Calcomp plotter. Figures 5 and 6 show 
these plots. The coordinates were then 
shrunk back to their original dimensions 
on the vidicon plate, rotated to their 
relative position on the planet surface 
implementing geometric corrections for 
camera tilt  using the range to and the 
viewing angle at the center of the field of 
view. Figure 7 and 8 are plots of the 
corrected coordinates. 
V I .  EXPERIMENTAL RESULTS 
The computer was used to calculate the 
variance of the external angle per kilometer 
for each plate edge. Tables I and I I  show 
the results of the analysis. The number of 
the plate edge corresponds to the number 
on either Figs. 9 or 10. 
The linear regression of the plate edge 
irregularity to the plate edge number 
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Fzo. 11. Nor th  pole. P lo t  of  dark  band roughness (radial axis) against  da rk  band  number  (angular 
axis). The  numbers  correspond to those used in Fig.  9 and Table  1. 
presented a problem on the north pole. 
According to Murray, the plate edges are 
arranged in such a way that  for any two 
edges the one enclosed (partially) in the 
concavity of the other is the younger edge. 
Applying this criteria to the north pole is 
difficult. Rather  than being in a roughly 
concentric configuration as on the south 
pole, the plate edges appear to spiral out 
nearly radially from the geometric center 
of the pole. Which plate edge was formed 
first? I t  certainly isn't obvious! In order 
to overcome this problem, it was assumed 
that  plate edge 1 was that  edge which 
would yield the best least mean square fit 
when combined with the rest of the 
data. For this reason Fig. 11, a plot of 
"edge" irregularity to edge number, is a 
polar plot; the relative ordering of the 
plates is correct, but  the assignment to 
any one edge of the number 1 is somewhat 
arbitrary. This problem was not encoun- 
tered on the south pole, where the plate 
edges are markedly more concentric and 
less radial. For uniformity, the plot of 
irregularity to plate order number for the 
south pole (Fig. 12) was also done on a 
polar plot, even though the assignment of 
the first plate edge was done with a great 
deal more confidence. 
The linear regression for plate edge order 
number to plate edge irregularity is drawn 
on the plot for each pole (Figs. 11 and 12). 
For the north pole the correlation co- 
efficient was .423 and for the south pole 
-.404. 
VII. Dlscusslol~l 
The lack of statistically significant chan- 
ges in the planimetric irregularity among 
the plate edges allows at least two possible 
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Fro. 12. South pole. Plot of dark band roughness (radial axis) against dark band number (angular 
axis). The numbers correspond to those used in Fig. 10 and Table 2. 
conclusions: (1) the plate hypothesis is 
correct but  the plates are now a fossil 
feature, with each plate having long since 
reached its equilibrium configuration; or 
(2) the polar laminated terrain is not the 
result of sequential deposition of circum- 
polar plates. 
The first conclusion is possible. How- 
ever, Murray has speculated that  Mars has 
only recently begun to evolve an at- 
mosphere through out-gassing by the 
Tharsis Ridge volcanoes. He cites the lack 
of impact cratering on the volcanoes as 
evidence of their youthfulness (Murray, 
1973). I f  the plates are composed of 
substantial quantities of frozen volatiles, 
they also must be interpreted as young 
features. In  fact, plate formation should 
still be active. 
The second conclusion, that  the se- 
quentially deposited plate hypothesis is 
incorrect, appears to be quite possible. 
VIII.  CONCLUSION 
This study suggests that  the cliffs, 
channels or plate edges represented by the 
dark bands at the Martian poles were not 
formed sequentially, although it may 
be questioned how appropriate a dark 
band's irregularity in plan view is for 
relative-age dating of the feature. With 
high-resolution imagery taken under better 
conditions, particularly at the north pole, 
perhaps some other cummulative feature 
will be found by which the cliffs, channels 
or plate edges (whichever they may be) 
can be relatively dated. 
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